Histoplasmosis is primarily a pulmonary fungal infection with a vast array of radiological manifestations, which can mimic a number of thoracic diseases. This article reviews various presentations of histoplasmosis on chest imaging.
Well over half of the adults living in endemic regions are infected with H. capsulatum [3] . Although the majority of cases remain subclinical, histoplasmosis can have a spectrum of clinical manifestations, from flu-like symptoms to acute respiratory distress syndrome, shock, and death [3] .
Acute pulmonary histoplasmosis is acquired from the inhalation of spores, which at human body temperature germinate and release yeast forms that are phagocytized by alveolar macrophages [5] . The fungus then uses the macrophage environment to proliferate, resulting in bronchopneumonia, followed by pathologic response of granulomatous inflammation. Infected macrophages can then migrate to adjacent lymph nodes or spread hematogenously throughout the reticulo-endothelial system, where they can give rise to additional foci of granulomatous reaction [5] . Once specific cellular immunity develops, the lesions begin to heal, eventually giving rise to calcified granulomata. Most immunocompetent patients infected with H. capsulatum experience asymptomatic hematogenous dissemination, and the infection is stabilized via cell-mediated immunity [5] . The majority of patients recover within 4e6 weeks after developing symptoms and do not require antifungal treatment. Immunocompromised patients are at high risk of symptomatic histoplasmosis, which can be rapidly fatal. Histoplasmosis is one of the acquired immunodeficiency syndromeedefining illnesses [6] . Diagnosis of histoplasmosis on imaging can be challenging, as it can mimic a number of thoracic diseases, such as tuberculosis, sarcoidosis, pneumoconiosis, and neoplasia. Various imaging manifestations of thoracic histoplasmosis are discussed below and summarized in Table 1 .
Consolidation
Acute histoplasmosis can present clinically as flu-like illness or community acquired bacterial pneumonia with cough, fever, chest discomfort, myalgia, and headache [3] . On imaging, acute pulmonary histoplasmosis can occasionally manifest as a patchy consolidation involving one or several lobes (Figure 1) , mimicking bacterial pneumonia, aspiration, cryptogenic organizing pneumonia, or malignancy [7] . Concomitant hilar and mediastinal lymphadenopathy is common [5] .
Nodular Histoplasmosis
On imaging, acute histoplasmosis most commonly presents as a solitary pulmonary nodule or as multiple nodules. Nodules in acute histoplasmosis have a non-specific appearance and can occasionally demonstrate cavitation or ground glass halo, thereby simulating metastases, septic emboli, other fungal or tuberculous infections, and granulomatous polyangiitis (Figures 2-4) . Solitary pulmonary nodule can mimic primary lung malignancy (Figures 2).
Calcified Granulomata
When H. capsulatum conidia are inhaled and infect alveolar macrophages, granuloma formation ensues. Calcification occurs because necrotic cells within the granuloma are unable to maintain calcium homeostasis, which results in elevated intracellular calcium and eventual deposition of crystalline calcium hydroxyapatite [5] . Calcified granulomata are the most common chronic manifestation of histoplasmosis. On imaging, granulomata secondary to histoplasmosis occasionally demonstrate laminated or ''target'' calcifications ( Figure 5 ). Alternatively, remote histoplasmosis can manifest as multiple scattered millimetric calcified nodules ( Figure 6 ) [5] . Calcified granulomata of histoplasmosis are usually stable over the years; however, they can occasionally undergo change in size, morphology, and density ( Figure 7 ). Concomitant calcified granulomata in liver and spleen should favor histoplasmosis as the cause of thoracic calcified granulomata over tuberculosis, sarcoidosis, and pneumoconioses.
Histoplasmoma
In some patients, pulmonary granulomata resulting from histoplasmosis may continue to enlarge and are then termed histoplasmomas (Figure 8 ). Histoplasmomas grow by slow proliferation of fibrous tissue at the periphery of the lesion and are thought to be caused by an abnormal host response [7] . Their growth rate is variable with an average of 1.7 mm per year [7] . Histoplasmomas more commonly occur in the posterior lower lobes, adjacent to the pleura. They could be non-calcified or may have central, diffuse, or laminated calcifications. Satellite nodules and calcified hilar lymph nodes are common. Histoplasmomas rarely cause clinical symptoms, but represent a diagnostic challenge as they mimic malignancy. 
Broncholithiasis
Broncholithiasis is an uncommon delayed complication of pulmonary histoplasmosis [8] . It occurs when peribronchial calcified nodes erode into an adjacent bronchus and directly obstruct the airway or when the associated inflammatory process distorts the bronchus and obstructs its lumen. Given the airway anatomy and lymph node distribution, broncholiths are more common in the right bronchial tree ( Figure 9 ) [8] . Chest radiographs may show calcified hilar or perihilar lymph nodes and segmental or lobar atelectasis. Chest computed tomography will demonstrate a broncholith occluding a bronchus with resulting atelectasis distal to the obstruction. Bronchiectasis may develop in the case of repeated episodes of post-obstructive pneumonia. Bronchoscopy may be necessary to exclude underlying endobronchial neoplasm. 
Disseminated Histoplasmosis
Disseminated histoplasmosis usually occurs in immunocompromised patients. Symptoms may include fever, malaise, anorexia, and weight loss. Severe disease can present as sepsis with hypotension, disseminated intravascular coagulation, renal failure, and acute respiratory distress [6] . The most common imaging manifestation of disseminated histoplasmosis are diffuse pulmonary micronodules (Figure 10 ), which can be misdiagnosed as miliary tuberculosis or hematogenous metastases. Disseminated histoplasmosis can also present as air-space opacities that may be segmental, lobar or diffuse.
Pericardial and Pleural Disease
Rarely, patients with acute pulmonary histoplasmosis develop pericardial or pleural effusions (Figure 11 ). This complication occurs mostly in younger patients, is selflimited in almost all cases, and is thought to be caused by a hypersensitivity reaction to H. capsulatum antigens [9] . Pericardial and pleural effusions in acute histoplasmosis are exudative and often hemorrhagic [9] .
Chronic Cavitary Pulmonary Histoplasmosis
Chronic cavitary pulmonary disease is an uncommon manifestation of histoplasmosis. It is seen almost exclusively in older white men with emphysema [10] . Typically, the early imaging manifestation of chronic histoplasmosis is a segmental, wedge-shaped area of peripheral consolidation that has a moth-eaten appearance from the scattered foci of emphysematous lung [3, 10] . In contrast to the acute infection, mediastinal or hilar lymphadenopathy is uncommon. Similarly to tuberculosis, chronic pulmonary histoplasmosis usually involves the apical and posterior segments of the upper lobes, especially the right upper lobe (Figure 12 ). Imaging shows chronic upper lobe consolidation with progressive cavitation ultimately resulting in volume loss. Pleural thickening adjacent to apical cavitary lesions is common [10] .
Lymphadenopathy
Acute histoplasmosis can result in mediastinal and hilar lymphadenopathy (Figures 11,13 ), which can be bulky and exert mass effect on adjacent structures. Lymph nodes can show uptake on positron emission tomography imaging, simulating malignant process ( Figure 13C ). As they heal, the infected mediastinal lymph nodes can calcify (Figures 14, 15 ).
Fibrosing Mediastinitis
Fibrosing mediastinitis is an uncommon but highly morbid delayed complication of histoplasmosis [11] . Most cases of fibrosing mediastinitis are seen in young adults, and are believed to be caused by an abnormal immunologic reaction to H. capsulatum antigens in genetically susceptible individuals [11] .
It is characterized by dense proliferation of fibrous tissue in the mediastinum, more commonly affecting the middle mediastinum, including bilateral paratracheal, subcarinal, and hilar regions (Figures 15-18 ). On imaging, focal fibrosing mediastinitis usually presents as mass-like soft tissue attenuation which is frequently calcified. It commonly causes compression or obstruction of pulmonary arteries and veins, superior vena cava, esophagus, and mainstem bronchi [12] .
Fibrosing mediastinitis is the most common benign cause of superior vena cava syndrome [12] . Long-standing pulmonary venous occlusion can lead to pulmonary arterial hypertension and cor pulmonale, the most important causes of morbidity and mortality in patients with fibrosing mediastinitis [11] .
Conclusion
There is a wide spectrum of thoracic manifestations of acute and chronic forms of histoplasmosis. On imaging, histoplasmosis can sometimes be indistinguishable from other infectious thoracic diseases, inflammatory conditions, and neoplasia. Possibility of histoplasmosis as diagnosis for thoracic imaging abnormalities should be considered in patients living in or coming from endemic areas, and radiologists should be familiar with its various imaging manifestations. In this article, we reviewed and illustrated imaging of most of the common and uncommon presentations of thoracic histoplasmosis.
